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SIGNIFICANCE

Developments in centrifugal compressors call for wet gas operation as subsea factories must handle two-
phase flows with a liquid volume fraction (LVF) as high as 5%. The issue of a liquid trapped induced rotordynamic
instability challenges wet gas compressor operation. Recall that Vannini et al. in 2014 [1] report a severe sub
synchronous rotor vibration (SSV) at 0.45X in a single stage centrifugal compressor whose labyrinth seals (LS)
operated with a 3% LVF wet gas. Replacing the LS with a pocket damper seal (PDS) successfully reduced the
magnitude of SSV [2]. PDSs [3] offer large amounts of damping and an enhanced rotor stability under wet gas
operation; hence then their selection in a liquid tolerant (wet gas) compression system.

Funded by TRC, Turbo Lab faculty and students [4-6] completed measurements of leakage and identified
dynamic force coefficients for low-pressure and high-pressure PDS supplied with a wet gas. Leakage data in [6]
appears to be in error. Presently, there is a need to quantify leakage and force coefficients for a wet gas PDS vis-
a-vis a wet gas LS, both with identical clearance, cavity number and length, and in order to further validate the
predictive bulk-flow model under development with TRC funds, see [7].

EXPERIMENTS ON TWO WET GAS PDSs at the TURBO LAB

Fig. 1 shows the TRC wet seal test rig comprising a seal and housing supported by four elastic rods tied to a
rigid base. Two rigidly mounted electromagnetic shakers (+ 445 N) excite the housing via long stingers to produce
dynamic motions for the identification of force coefficients.

In 2018-2019, experiments were conducted with a fully partitioned PDS (D = 127 mm, L = 48 mm, clearance
Cr=0.18 mm) [4] and a novel stepped shaft PDS [5] supplied with a mixture made of ISO-VG-10 oil and air. Fig.
2 displays a photograph and a cut view of the test PD having four axial blades and eight pockets. The mixture supply
pressure ranged from 1.1 bar to 3.2 bar and the shaft speed was 6,000 rpm (40 m/s surface speed). Technical reports
TRC-SEAL-03-18 [4] and TRC-SEAL-02-19 [5] detail the experimental procedure, data analysis, and findings for
the two PDSs, respectively.
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Fig. 1 TRC Wet gas seal test rig. (PDS), (b) Cut view of fully portioned PDS.

PROPOSED WORK 2020-2021

The proposed work aims to further quantify the performance of a PDS and a LS with similar dimensions and
supplied with an oil in gas mixture, i.e. a wet gas. The ultimate goal is to quantify differences in performance and
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to provide data for model validation. Table 1. Geometry dimension of a four-blade PDS [4] and a
Table 1 lists the geometry for the tooth-on-stator labyrinth seal.
existing PDS [4] and the LS (to be

.. Length, L 48 mm Diameter, D 127 mm
constructed). The two seals have similar Pocket and
dimensions but for the blade width and ~ Clearance, Cr 0.18mm |~ vity depth 4.8 mm
cavity width. Overall length is the same 105 mm/

L=48 mm. XLLABY® predicts the same Pocket & Cavity width 4.8 mm LS cavity width 11.6 mm
leakage for both seals (PDS and LS). The LS Tip
leakage for the two seals supplied with a thickness, Wr
wet gas still await tests.

Experiments with both seals will be conducted at a shaft speeds of 3 and 6 krpm (R =40 m/s), supply pressure
to 5 bar (absolute), and an inlet gas volume fraction (GVF) from 90 to 100%. Dynamic loads exerted on the seal
housing with a single frequency (10 Hz - 200 Hz, in steps of 10 Hz) will serve to identify the system complex
dynamic stiffness matrix and frequency dependent force coefficients. Specific tasks include:

(1) Manufacture a labyrinth seal with similar dimension to the pocket damper seal in [4].

(2) Measure leakage for both seals supplied with a mixture, inlet GVF (90% to 100%), supply pressure to 4 bar,
and two shaft speeds.

(3) For both seals, conduct dynamic load tests and identify frequency dependent force coefficients.
The test results will be a reference for the experimentally benchmarked design of ubiquitous LSs and PDSs.
The test data is most valuable for neck-ring seals in impellers of wet gas compressors.

BUDGET FROM TRC FOR 2020-2021

PDS Rib width, W+ 2.5 mm 0.3 mm

Support for graduate student (20 h/week) x $ 2,200 x 12 months $ 26,400
Fringe benefits (2.3%) and medical insurance ($210/month) x 12 months $ 3,265
Tuition & fees three semesters $ 16,728
Test rig — manufacturing labyrinth seal $ 3,500
Test rig - operation — ancillary (miscellaneous) $ 728
Total Cost: $ 50,000
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